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Abstract 

We present the results of an SiO maser survey for color-selected IRAS sources 
in the area 40° < / < 70° and |6| < 10° in the SiO J = 1-0, v = 1 and 2 transitions 
(~ 43 GHz). We detected 134 out of 272 observed sources in SiO masers; 127 were 
new detections. A systematic difference in the detection rates between SiO and OH 
maser searches was found. Especially, in the color ranges with log(F25/Fi2) smaller 
than —0.1, the detection rate of the SiO masers is significantly higher than that of 
OH masers. We found a possible kinematic influence of the galactic arm on the 
distribution of SiO maser sources. It was found that the velocity dispersion of SiO 
maser sources tends to decrease with the galactocentric distance. Using the present 
and previous data of SiO maser surveys, we found that the local velocity gradient of 
the rotational velocity of the Galaxy is consistent with the values obtained from other 
kinds of disk population stars within a statistical uncertainty. The Oort's constants, 
A and B, were computed from the gradient of the rotation curve for the present data, 
and were consistent with the lAU standard values. In addition, in order to check 
the reliability of IRAS positions, we observed toward the MSX positions for 5 MSX 
counterparts, which are located more than 20" away (but within 60") from IRAS 
positions. We detected all of these 5 sources in SiO masers. 
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1. Introduction 



OH/SiO masers from evolved stars have proven to be powerful tools for investigating 
stellar motion, even in optically obscured regions in the Galaxy (e.g., Lindqvist et al. 1992; 
Imai et al. 2002). Line profiles of OH masers usually show double-peak profiles (e.g., David et 
al. 1993). It has been well established that the middle velocity of the OH 1612 MHz double 
peaks gives the stellar velocity, where they are emitted from the approaching and receding 
parts of the circumstellar expanding shell (cf., Habing 1996). The radial velocity of the SiO 
maser emission from evolved stars usually falls in the middle of the OH 1612 MHz double peaks, 
giving the radial velocity of the central star to within a few km s~^ accuracy (Jewell et al. 1991). 
Up to now, large surveys in OH 1612 MHz have been made, and have covered almost all of 
the Galactic disk and bulge regions (e.g., te Lintel Hekkert et al. 1991; Chengalur et al. 1993; 
Blommaert et al. 1994; Sevenster et al. 1997). SiO maser surveys have also been made toward 
various regions of the Galaxy: bulge regions (Izumiura et al. 1994, 1995a, b). Galactic center 
regions (Imai et al. 2002; Miyazaki et al. 2001), outer-disk (Jiang et al. 1996) and high galactic 
latitude regions (Ita et al. 2001). In past SiO maser surveys, the Nobeyama 45-m telescope has 
played an important role because of its remarkable sensitivity at 43 GHz. As of today, however, 
an inner-disk region, 40° < / < 70°, has never been surveyed in SiO masers at Nobeyama. 

The inner-disk region provides a chance for us to tackle a couple of interesting themes, 
if it is surveyed systematically in SiO masers. First, one of the themes is a confirmation of the 
differences in the natures between OH/IR stars and IRAS/SiO sources. Although both of the 
OH/SiO masers are known to be indicators of 0-rich stars (here, "0-rich" means a C/0 ratio 
less than 1), the overlap of two masers is limited to only one third. This insignificance of the 
overlap suggests that IRAS/SiO sources should have different physical conditions compared 
with the OH/IR stars. A precise comparison from various viewpoints is needed to reveal 
the physical difference of these two objects. Because sensitive OH maser (1612MHz) surveys 
toward IRAS sources have been made with the Arecibo 300-m telescope in the inner-disk region 
(e.g., Lewis et al. 1990), we can make a minute comparison of the nature of OH/IR stars and 
IRAS/SiO sources using the result of SiO maser survey in the inner-disk region. Second, mass 
dependency of chemical evolution of evolved stars can be investigated in the inner-disk region. 
It has been suggested that 0-rich AGB stars are predominantly located in the Galactic arms 
(e.g., Jiang, Hu 1993). This suggestion is attractive in terms of the chemical evolution of AGB 
stars. According to the dynamics of the Galaxy, AGB stars with a mass larger than 2-3 Mq are 
preferentially found in the spiral arms. Therefore, if the concentration of 0-rich star into the 
arms is real, massive AGB stars might prevent a chemical evolution from 0-rich to C-rich stars, 
although the evolution from 0-rich to C-rich star is a standard scheme of AGB evolution (here, 
"C-rich" means C/0 ratio larger than 1). Because the spatial concentration of the 0-rich AGB 
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stars into the arms is relatively weak, a kinematical study is needed to confirm the affection from 
the arms. A tangential point of the Sagittarius-Carina arm is located at 5 kpc from the Sun in 
the inner-disk region; it is a quite appropriate distance to make a precise investigation of SiO 
maser sources in terms of the sensitivity of the Nobeyama 45-m telescope. (The tangential point 
means a point where a tangential line through the Sun contacts with the galactic arm.) Third, a 
local gradient of the rotation curve of the Galaxy is also an interesting theme to be investigated 
by an SiO maser survey in the inner-disk region. In the outer-disk region (90° < / < 230°), 
rotational velocities of 0-rich AGB stars have been obtained based on the data of past SiO 
maser surveys (Jiang et al. 1996; Nakashima et al. 2000). On the other hand, the number of 
known SiO maser sources is quite limited in the inner-disk region, because of the absence of 
an SiO maser survey with the Nobeyama 45-m telescope. Therefore, the local inclination of 
the rotation curve of the Galaxy was never obtained through the motion of IRAS/SiO sources. 
Although the value has been obtained through a few kinds of disk population stars, a new value 
of the local inclination of the Galactic rotation curve through new kinds of disk populations 
would contribute to obtain more precise Galactic constants (e.g., Kerr, Lynden-Bell 1986). 

In order to research the above issues, we systematically surveyed a sample of IRAS 
sources in the inner-disk region in SiO maser lines. In this paper, we report on the result of this 
systematic SiO maser survey. The outline of the paper is as follows. In section 2 we describe 
the observational details, results of observations, statistical characteristics of the data, and the 
reliability of the IRAS positions. In section 3 we give a statistical comparison with an OH 
maser survey and a kinematical analysis of the present data, and finally conclude the paper in 
section 4. 

2. Observations and Results 

2.1. SiO Maser Survey toward IRAS Sources 

Simultaneous observations in SiO J = 1-0, v = 1 and 2 transitions at 43.122 and 42.821 
GHz, respectively, were made with the 45-m radio telescope at Nobeyama during the period 
from 2000 April to 2001 March. The beam size of the telescope was about 40" at 43 GHz. In the 
present observation sessions, a cooled SIS receiver (S40) with a bandwidth of about 0.4 GHz was 
used, and the system temperature (including atmospheric noise) was about 200-300 K (SSB). 
The aperture efficiency of the telescope was about 0.57 at 43 GHz. The conversion factor from 
the antenna temperature to the flux density was 2.9 Jy K~^. Acousto-optical spectrometer 
arrays of high and low resolutions (AOS-H and AOS-W) were used. The AOS-H spectrometer 
has 40 MHz bandwidth and 2048 frequency channels with an effective spectral resolution of 
0.29 km s~^ at 43 GHz. Likewise, the AOS-W spectrometer has a 250 MHz bandwidth and 
2048 frequency channels with an effective spectral resolution of 1.7 km s"^ at 43 GHz. We used 
multiple AOS-H spectrometers to cover a wide velocity range at a high frequency resolution. 
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Because line widths of masers are often less than 1 km s~^, we needed the high resolution 
achieved by AOS-H. The radial- velocity coverage was ± 350 km s~^. This velocity range was 
fully covered by the AOS-H spectrometers (AOS-W was used to confirm the detections). All 
of the observations were made by the position-switching mode using a 5' off position in the 
azimuth. The pointing of the telescope was checked every 2 or 3 hours by 5-point mapping of 
nearby SiO maser sources, Villi Oph and x Cyg. The pointing accuracy was usually found 
to be better than 10". 

We selected a sample of observing sources in the Galactic plane area, 40° < / < 70° and 
|6| < 10°, from the IRAS Point Source Catalog (Version 2, here after PSC). The distribution 
of the sources in the galactic coordinates is shown in figure 1. The source selection was made 
in terms of the IRAS 12 /im flux density, the IRAS colors and measurement quality flags. The 
criteria of the selection follows: 

1. Fi2 > 3 Jy, 

2. -0.2<Ci2 = log(F25/Fi2)<0.2, 

3. C23 = log(F6o/F25) < -0.5, 

4. Q12 = Q25 = 3, 

where F12, -F25, and Fgo are the IRAS 12, 25 and 60 /xm flux densities, Q12 and Q25 are the 
measurement quality flags for 12 and 25 /xm, respectively, and "3" means the highest quality. 
These selection criteria effectively extract dust-enshrouded objects with Tj-^^g^ — 240-450 K 
from the IRAS PSC. It was found in past SiO maser surveys that the detection rate of SiO 
masers is maximized at an IRAS color, C12 — (T'^^gt — 300 K) and that the rate drops quickly 
in IC12I > 0.2 (e.g., Jiang et al. 1995; Nyman et al. 1998). Therefore, we centered the color of 
C\2 = 0.0 in the criterion 2 to maximize the detection rate. Finally, 340 sources were selected 
from IRAS PSC by above criteria, and 272 have been observed. Almost all of the samples 
above F12 = 8 Jy were observed (more than 99%). In the case of faint sources with F12 < 8 Jy, 
the completeness of the survey is somewhat low (mentioned later). 

Raw data were processed by flagging out bad scans, making r.m.s.-weighted integrations, 
and removing the slope in the baseline. The detections of maser lines were judged by the 
following criteria. For narrow spike-type emissions, the peak antenna temperature must be 
greater than the 3 a level of the r.m.s. noise. For broad and multiple spiky emissions, the 
effective signal-to-noise ratio (S/N) over the line width must be larger than 5; the effective 
S/N is calculated from integrated intensities within maximum line width (about 15 km s~^ in 
typical cases) and the rms noise. In addition, we carefully inspected each spectrum by eye and 
discarded some spurious emissions and marginal detections that satisfy the above criteria. 

As a result of the present observation, we detected 134 out of 272 observed sources in 
either SiO J = 1-0, u = 1 or 2 transitions; 127 of 134 detected sources were newly detected 
objects in SiO masers. The observational results are summarized in table 1 for the detected 
sources and in table 2 for the non-detected sources. The spectra of the detected sources are 
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shown in figure 2. Velocities, Vjgj,, given in table 1 are radial velocities at an intensity peak in 
the spectra, except for the case of IRAS 19229+1708. The intensity-weighted radial velocity 
normally coincides with the velocity at the peak within a few km s~^ (Jewell et al. 1991). 
IRAS 19229+1708 exhibits an extreme broad line-width with triple peaks. In addition, the 
intensity peak of the v = 1 line of IRAS 19229+1708 is clearly shifted from its systemic velocity 
according to the profile of w = 2 line. Therefore, we adopted an intensity weighted mean of 
radial velocity as a systemic velocity for IRAS 19229+1708. Finally, the detection rate was 
49%. The detection rates in the ranges of 40° < / < 50°, 50° < / < 60°, 60° < / < 70° are 61%, 
47% and 38%, respectively. This variation of the detection rate with galactic longitude can be 
seen in figure 1. 

(Figure 1 here) 
(Figure 2 here) 
(Table 1 here) 
(Table 2 here) 

2.2. Position Confirmation Using the MSX Catalog 

It has been believed that the uncertainties of the source positions in the IRAS PSC are 
within about 10" (Beichman et al. 1988; Jiang et al. 1997). This position uncertainty, if it is 
reliable, is sufficiently accurate for observations by the Nobeyama 45-m telescope, because of 
its half-power beam width of 40" at 43 GHz. Recently, however, Deguchi et al. (2001) found 
a non-negligible number of near-infrared counterparts of IRAS sources at positions separated 
from its IRAS positions by more than 20". Because an observing region in Deguchi et al. (2001) 
is close to the galactic center, it seems that the main reasons for the position uncertainty of 
IRAS PSC are congestion of sources and a large beam of an infrared detector of IRAS. On the 
contrary, the sources in the present surveyed region were not very crowded compared with the 
region researched by Deguchi et al. (2001), and the IRAS positions would be relatively reliable 
than the Deguchi et al. (2001) 's case. Here, however, to make sure of the reliability of the 
source positions of the present sample, we compared the IRAS positions of SiO non-detections 
with MSX positions (MSX: Midcourse Space Experiment; Price et al. 1997). Because the 
typical uncertainty of astrometric positions in the MSX catalog is a few arcseconds, the 
reliability of the IRAS positions could be checked by cross checking with the MSX positions. 
As a consequence, we found that 5 IRAS sources with SiO non-detection separate from the 
MSX positions by more than 20" (but within 60"). In table 3, the separations between the 
IRAS position and the MSX position, C-band (centered at 12.13 /im) and E-band (centered 
at 21.34 /im) intensities in the MSX catalog, and IRAS 12 and 25 /xm flux densities of these 5 
IRAS sources are shown. The MSX flux densities are approximately proportional to the IRAS 
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flux densities, though some scatter is seen. The scatter would be due to the pulsation of AGB 
stars. We observed these 5 sources once again at their MSX positions, and were detected in SiO 
masers for all 5 sources. The results of these additional observations are summarized in table 
4, and the spectra of the SiO masers are shown in figure 3. In order to maintain consistency 
with previous SiO maser surveys made at Nobeyama, above 5 detections at the MSX positions 
were excluded in the statistical analysis discussed in the foHowing sections, because the IRAS 
positions were used as the observing positions in previous SiO maser surveys. However, in the 
present research, the number of sources with a large position uncertainty of more than 20" was 
only 5 in 138 nondetections, which would be negligible in the statistics. 
(Figure 3 here) 
(Table 3 here) 
(Table 4 here) 

2.3. Statistical Characteristics 

In the present work, we extended the survey latitude up to |6| = 10° {\b\ < 3° in previous 
works, cf. Izumiura et al. 1999; Deguchi et al. 2000a, b). Therefore, we checked the variation in 
the detection rate with the galactic latitude. The detection rates were 47% in the range of |6| < 3° 
and 52% in the range of 3° < \b\ < 10°. No remarkable difference could be seen between these 
two values. The detection rate of SiO masers, 49%, in the present survey suggests a decreasing 
tendency of the detection rate with the galactic longitude. This tendency is consistent with 
the results in previous SiO maser surveys toward the inner galactic area (Izumiura et al. 1999; 
Deguchi et al. 2000a, b; Nakashima et al. 2002; Jiang et al. 1996). However, we have to be 
cautious of concerning this result, because of the difference in the color selection criteria of each 
sample. In previous SiO maser surveys towards the inner bulge (Izumiura et al. 1999; Deguchi 
et al. 2000a, b), the color range, 0.0 < Cu < 0.1, was used as a source selection criterion. 
In every 10°-step sub-samples from / = 40° in the longitude, the detection rates in the color 
range, 0.0 < < 0.1, are 44% (40° < / < 50°), 40% (50° < / < 60°), and 31% (60° < / < 70°), 
respectively, in the present survey; the average detection rate was 42%. In fact, detection rates 
in previous surveys were 56% for the bulge bar (15° < / < 25°, |6| < 3°; Izumiura et al. 1999), 
49% for the inner galactic bulge (|/| < 3°, |6| < 3°; Deguchi et al. 2000aa), 62% for the outer 
galactic bulge (-10° < / < 25°, \b\<3°; Deguchi et al. 2000bb), and 48% for the inner galactic 
disk (25° < / < 40°, |6| < 3°; Nakashima et al. 2002). The present detection rate is less than 
the values obtained in the inner Galaxy surveys. This clearly confirms the decreasing tendency 
of the detection rate with the galactic longitude. The detection rate in the outer galactic disk 
(90° S I < 230°, |6| < 10°), which is limited in the sample with the color, 0.0 < Cu < 0.1, was 0% 
(14 sources were observed). The detection rate obtained in the present work lies between the two 
detection rates of the outer- and inner-disk surveys, supporting a monotonous decrease of the 
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detection rate with the galactic longitude. All of the SiO surveys mentioned here were made 
using the same telescope (Nobeyama 45-m telescope), receiver (S40), and observation mode 
(position-switching). In addition, the average integration times per one object were almost 
same (about 10 min on source) in all surveys. Therefore, the sensitivities can be considered to 
be sufficiently similar to compare the detection rates. 

2.4- IRAS Characteristics of the Sample 

Figure 4 shows a histogram of the IRAS 12 fim flux densities and the variation of the 
detection rate with the IRAS 12 /xm flux density in the present sample. The detection rate 
tends to increase with the 12 fim flux density. In ranges of 20 < F12 < 24 Jy and F12 < 4 Jy, 
the detection rates tend to be slightly higher and lower, respectively, than those of the other 
ranges. In 20 < F12 < 24 Jy, because the number of samples is extremely few, the rise may be a 
statistical fluctuation. On the other hand, in F12 < 4 Jy, because the number of samples in this 
range is more than 25, it can not be disregarded. In fact, this kind of decline in the detection 
rate has been seen in previous SiO maser surveys (e.g. Deguchi et al. 2000bb; Izumiura et 
al. 1999). 

Generally speaking, the intensity of SiO maser lines tends to increase with the IRAS 12 
Hm flux density. For instance, in the case of the NRO 45-m telescope, the expected antenna 
temperature of the SiO maser line from IRAS PSC source with F12 = 4 Jy is approximately 0.2 
K. Because of the time variation, the intensity of a maser line varies by a factor of about 10. 
Therefore, the antenna temperature of the SiO maser line from the IRAS PSC sources with 
F12 = 4 Jy is expected to lie between about 0.04 and 0.4 K. The r.m.s. level of the present 
survey data was 0.05 K on average. In the present work, we used the 3 a level as a border of 
detection (for narrow lines; most of detections falls in this case). The 3 a level corresponds to 
0.15 K in the antenna temperature. Hence, it is possible that nearly half of the potential SiO 
detections in the range of 3 < F12 < 4 Jy are missed in the present survey. If we made exposures 
for a longer time than in the present case, the detection rate could be increased up to about 
40% in the range of 3 < F12 < 4 Jy according to the detection rates in other intensity ranges. 

Figure 5 shows the two-color (left) and C23-b (right) diagrams for the present sample. 
The SiO detection rates were 68%, 52%, 50% and 30% in the C23 ranges of -0.9 < C23 < -0.8, 
-0.8 < C23 < -0.7, -0.7 < C23 < -0.6, and -0.6 < C23 < -0.5, respectively. In general, 
carbon stars in the two-color diagram distribute at the upper part of 0-rich stars (van der 
Veen, Habing 1990). The present sample involves three previously known carbon stars (IRAS 
19029+0808, IRAS 19238+1159, IRAS 19304+2529, Jura, Kleinmann 1990; Volk et al. 1992), 
as indicated in the left panel by the large crosses. The three carbon stars distribute at the 
uppermost part in the left panel. This fact supports that the rate of carbon stars in the sample 
tends to increase with an increase of the color C23. 

In the case of the previous SiO maser surveys towards inner-disk/bulge regions, C23-6 
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diagram showed an arch-like structure at the bottom (the peak of the arch is at 6 = 0°), 
indicating a strong reddening in the Galactic plane (e.g. Figure 4 of Deguchi et al. 2000bb). On 
the contrary, such a structure cannot be seen in the diagram in the present sample. This 

would suggest that the contamination by the interstellar dust in the C23 color is not strong in 
the present sample, although the present criteria of source selection is slightly different from 
those in previous surveys. 

(Figure 4 here) 
(Figure 5 here) 

2. 5. Comparison with OH Data 

Figure 6 shows a histogram of the color, C12, for the observed sources. The number 
of sources surveyed in both SiO and OH masers was 240 (in 272 sources), and the number of 
sources, which were detected in both of SiO and OH masers, was 75. Mainly, OH maser surveys 
were made with the Arecibo 300-m telescope (about 95% of OH observations in table 5 were 
made at Arecibo). Owing to the large aperture of the Arecibo 300-m telescope, the OH maser 
survey was made deeper than the present SiO maser survey. The shaded portions show the 
numbers of SiO and OH detections. The solid and dotted lines (line graph) show the detection 
rates of the present SiO maser survey and the OH maser survey. 

The main characteristic in figure 6 is a difference of the two line graphs. The detection 
rate of the SiO maser is roughly constant through all of the color ranges. On the other hand, 
the detection rate of the OH maser tends to increase with the color. The present survey is 
somewhat incomplete for sources with F12 < 4 Jy. However, the above tendency does not 
change even if the sources with F12 < 4 Jy are excluded. This difference of the detection rates 
between the OH and SiO masers implies that evolved AGB stars with a thick circumstellar 
envelope tend to exhibit OH masers more often than SiO masers, though AGB stars with a 
thin circumstellar envelope tend to exhibit SiO masers more than OH masers. However, large 
(^ 80%) OH detection rate may be due to poor statistics at C12 > 0.1. 

We should thus note any difference in the variability of OH/SiO masers. In this kind 
of survey, the detection rate of SiO masers always gives a lower limit for the true probability 
for the appearance of SiO masers because of their strong variability. Whereas OH masers are 
relatively stable compared to SiO, they are also variable. If we make additional surveys for 
non-detections in SiO, the detection rate would increase in some measure. This fact supports 
the higher detection rate of SiO than that of OH in the bluer color range in figure 6. The 
IRAS color, C12, has been believed to be an evolutional indicator of AGB stars. The value of 
C12 tends to increase with the evolution of AGB stars (e.g., van der Veen, Habing 1988). In 
this sense, OH masers tend to be appendant in more evolved objects than SiO masers. 
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(Figure 6 here) 
(Table 5 here) 

3. Discussion 

3.1. Luminosity Distance 

The distance is calculated from the bolometric flux of the sources, which is computed 
from the IRAS 12 /xm flux density, -F12, and a bolometric correction for 0-rich stars (van der 
Veen, Breukers 1989). In the present work, we assumed that the luminosity of the AGB star is 
8000 Lq; this corresponds to the luminosity of a star with mass of ~ 2 Mq near to the tip of 
the AGB in the models of Vassiliadis, Wood (1993). Details of the distance calculation can be 
found in our previous papers (e.g., Nakashima et al. 2000). The obtained distances are given 
in table 5. The luminosity distance involves an uncertainty of about 20-30%, which is partly 
due to the uncertainty of the luminosity assumption of 8000 L0, and partly due to the light 
variation of AGB stars. In fact, a non-negligible number of color-selected AGB star candidates 
are mira-type variables (e.g., Nakashima et al. 2000). In the case of short-period miras with 
P ^ 400 d, if we know the pulsation period of the star, their distances can be obtained with 
higher accuracy using the period- luminosity relation (e.g., Nakashima et al. 2000). 

3.2. Kinematical Characteristics of the Sample 

Figure 7 shows Vjg^^ versus the luminosity distance (-Dl) for 134 SiO detected sources. 
Sources above and below / = 50° are classified by open and filled circles, respectively. The 
solid and broken curves are radial velocities expected from the circular motion and the flat 
rotation curve on the directions / = 40° and 70° (see the caption of figure 7 for the details of the 
flat rotation curve). These two curves gradually separate from each other with the distance. 
Therefore, if the motion of SiO maser sources follows the galactic rotation (circular motion 
and flat rotation curve), the open circles (/ < 50°) in figure 7 should distribute in a relatively 
higher velocity range than the open circles (/ > 50°). Actually, we can see the difference in the 
two distribution of the open and filled circles in Figure 7. 

(Figure 7 here) 

Figure 8 shows the l^V^^j. diagram for SiO detected sources overlaid on the CO J = 1- 
line map (taken from Dame et al. 1987). In figure 8, the distribution of the present data 
is almost the same as that of CO line; this suggests that the present survey reaches to the 
tangential point. The Vjg^ distribution of SiO maser sources is relatively wider than the extent 
of the CO map. This difference in the V^^^ distribution would originate mainly in the difference 
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of the velocity dispersions between CO clouds and SiO maser sources. 

A moderate concentration of sources can be seen in the area, / ^ 40°-53° and V[g^ ^ 30 
km s~^-60 km s~^. Taylor, Cordes (1993) pointed out in a study of the distribution of free 
electrons that the tangential point of the Sagittarius-Carina arm exists at a distance 4-8 kpc 
from the Sun on the direction of / = 45°. Therefore, it is possible that this weak concentration 
of sources originates from the Sagittarius-Carina arm (though it is not so clear). A similar 
weak concentration of sources, possibly due to the Scutum-Crux arm, was also reported in 
Nakashima et al. (2002). 

We can see a source-deficient region (roughly surrounded by the dotted ellipse in 
figure 8). In order to confirm this deficiency, we applied the Kolmogorov-Smirnov (K-S) 
test (Chakravarti et al. 1967) for three subsets of the SiO detections divided by the galactic 
longitude: group A (40° < / < 45°), group B (45° < / < 50°), and group C (50° < / < 55°). 
The source-deficient region mentioned above is mainly included in group B. The cumulative 
probability distributions for the three groups are shown in figure 9. The maximum difference 
in the cumulative probability (D value) between groups A and B, groups B and C, groups C 
and A are 0.21, 0.24, and 0.13, respectively. The values of Da-, which provide a boundary to 
judge at the 99% confidence level whether the difference of two distributions is reliable, are 
0.15, 0.13, and 0.15 for pairs of groups A and B, groups B and C, groups C and A, respectively. 
According to the D and values, the difference in the distribution along the perpendicular 
axis in figure 9 is significant with more than a 99% confidence level between groups A and B 
and groups B and C, but not between groups A and C. In this statistical treatment with K-S 
test, we assumed that the sampling condition was unity around the source-deficient region. 
The maximum different points in the cumulative probability diagram between groups A and 
B and between groups B and C lie just at the source-deficient region. Based on these results, 
we conclude that the source- deficient region surely exists on the l-v diagram. 

(Figure 8 here) 
(Figure 9 here) 

3.3. Variation in the Velocity Dispersion 

We divided the detected sources into three groups based on the galactocentric distance: 
I {R < 6.5 kpc, 25 sources), II (6.5 ^ R < 7.5 kpc, 64 sources), and III {R ^ 7.5 kpc, 44 
sources). Then, the velocity dispersion (root mean square of the residues, which is the result 
of subtracting the circular and solar motions from ^[g^ ) was calculated for three groups. Here, 
we assumed that the circular orbit and flat rotation curve as the galactic rotation (see the 
caption of figure 7 in detail), and that the galactocentric distance of the Sun is 8.5 kpc. The 
calculated velocity dispersions are 35.2 (+8.2, —5.2) km s~^, 32.2 (+4.3, —3.2) km s^\ and 
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30.6 (+5.1, —3.6) km for groups I, II, and III, respectively. The values in parenthesis 
are the 80% confidence intervals. It seems that the velocity dispersion tends to decrease with 
the galactocentric distance. In order to confirm this tendency from a statistical viewpoint, an 
F-test was made. The confidence level of the difference in the dispersion between the nearest 
group I (i? < 6.5 kpc) and the furthest group III {R ^ 7.5 kpc) is 79%. According to the results 
from the F-test, we cannot rule out a possibility for the increasing tendency of the velocity 
dispersion with the galactic radius, though the statistical confidence level is somewhat low. It 
should be noted that the velocity dispersions obtained here are a somewhat weighted mean of 
the radial and tangential dispersions, with a higher weight to the tangential one. This effect is 
most significant in group III. In addition, the velocity dispersion obtained here is similar to that 
for M-type stars in the solar neighborhood (e.g., Dehnen, Binney 1998; Mihalas, Binney 1981). 

3.4- Influence of Arms on the SiO Maser Source Distribution 

In the previous subsection 3.2, although we found that the weak concentration of SiO 
sources in the ^^^[g^- diagram (figure 8) is possibly due to the spiral arm, it was not so clear. 
In order to confirm the spatial distribution of the present sample, the positions of the present 
sample projected onto the galactic plane are shown in figure 10. A spiral model, which is 
indicated as the background in figure 10, is referred from Taylor, Cordes (1993). In figure 
10, the IRAS sources in the present sample {F12 > 3) for which observations were not made 
are also plotted with small dots. In addition, faint sources with F12 = 1-3 Jy, which have the 
same colors as those in the present sample, are plotted with small crosses. Because the present 
survey is incomplete for faint sources with F12 < 3 Jy, the distribution of the observed sources is 
inhomogeneous in a distant region over 6 kpc from the Sun. On the contrary, the distribution 
of the observed sources in the nearby region within 6 kpc is relatively homogeneous because of 
the completeness of the present survey for bright sources with F12 > 3 Jy. 

Although the distribution of all samples is almost homogenous, except for the distant 
region, the individual distributions of open/filled circles are systematically different from 
each other in figure 10. Specifically speaking, the number density of the filled circles tends 
to increase with a decrease of the galactic longitude. It is difficult to say based only on the 
present data that this tendency originates from the infiuence of the galactic arm, but we should 
note that the tangential point of the Sagittarius-Carina arm exist in the direction of / ~ 40°, 
where the number density of filled circles (SiO detections) is maximized. Jiang, Hu (1993) 
suggested that the spatial distribution of 0-rich AGB stars shows a similar spiral structure 
as that presented by Georgelin et al. (1976). Fitting with the spiral structure of Georgelin et 
al. (1976), Jiang, Hu (1993) derived that the average luminosity of the objects in the sample 
is 8300 Lq; this value is appropriate as a luminosity of an 0-rich AGB star (e.g., Vassihadis, 
Wood 1993). This tendency is attractive for studying the chemical evolution of AGB stars, 
especially with a massive main-sequence mass larger than 3 Mq. According to the dynamics of 
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the Galaxy, AGB stars with masses larger than ~ 3 Mq are preferentially found in the spiral 
arms (Jiang, Hu 1993). From the concentration of SiO masers, if it is real, most SiO maser 
sources in the concentration might be 0-rich massive AGB stars with the main-sequence mass 
being larger than Mms ~ 3 Mq. This agrees with the current stellar evolution models based 
on Hot Bottom Burning (nuclear processing of carbon into oxygen and nitrogen at the base of 
the convective mantle for the most massive AGB stars; Iben, Renzini 1983; Wood et al. 1983). 
Ventura et al. (1999) show that stars with Mms > 3.8 Mq always keep the 0-rich chemistry 
through their evolution, although AGB stars with M^^ < 3.8 Mq evolve from an 0-rich star 
to a C-rich star. In fact, the higher mass limit for carbon stars in the LMC is currently 
believed to be ~ 4 Mq (Groenewegen, de Jong 1993; Marvel, Boboltz 1999). In order to clarify 
whether the concentration of SiO masers into the arms is real or not, we need more accurate 
information about the distance. Fortunately, in the near future, distances to SiO masers will 
be directly determined by measuring the annual parallax using Japanese differential VLBI 
network, VERA (Honma et al. 2000). 

(Figure 10 here) 
3.5. Rotation Curve 

Figure 11 is a plot of the rotational velocity of SiO sources against the galactocentoric 
distance. The rotational velocity was calculated from the radial velocities by subtracting the 
rotational velocity (220 km s~^) of the local standard of rest, while assuming that the radial 
velocity is a projection of the circular rotational velocity along the line of sight. The solid line 
shows the running mean of in every 1 kpc width with 0.5 kpc steps from 5.5 kpc to 11 
kpc. The dotted line shows the best fit line to the data. In the calculation, we added the data 
in Jiang et al. (1996) in the outer-disk; the selection criteria of the sample and the method to 
obtain distances in Jiang et al. (1996) are the same as those used in the present work. The 
least square method gives the best fit, 

Vrot = 202.2(±14.24)[kms-^]-4.8(±1.7)[kms-^kpc-^] x (i?- i?o)[kpc], (1) 

where Rq is assumed to be 8.5 kpc. The obtained inclination is consistent with the values 
obtained for the other kind of disk population stars [—2.1 ±2.4 km s~^ kpc~^ for OB stars, 
—5.7 ±3.2 km s~^ kpc~^ for Cepheid (e.g. Frink et al. 1996)] within a statistical uncertainty. 
Oort's constants estimated from this inclination are A = 15.4 ± 0.9 km s~^ kpc^^ and B = 
—10.5 ±0.9 km s~^ kpc~^. These values are close to the lAU standard values {A = 15 km s~^ 
kpc~^, B = —10 km s~^ kpc~^; Kerr, Lynden-Bell 1986). The value of 202.2 km s~^ for the 
rotation velocity at the solar circle is quite similar to those derived from motion of the Hi gas 
component by Merrifield (1992) and Honma, Sofue (1997). According to the present results, 
the bulk motion of the SiO maser sources in the solar neighborhood would be the same as that 
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of the other disk population stars and the gas component. 

In recent works on the kinematics of SiO maser sources in the outer-disk, the obtained 
inchnations of the rotation curve, which were hmited to the range of i? = 8.5-11.5 kpc, were 
—21.7 ±5.7 km s~^ kpc~^ (Jiang et al. 1996), and —15.4 ±7.7 km s^^ kpc~^ (Nakashima et 
aL 2000). These values are somewhat steeper than the present results, indicating that the 
rotational velocity of the Galaxy tends to decrease in the outer region further than the Sun; 
this result is consistent with observations of the other kind of disk population stars (Frink et 
al. 1996). 

(Figure 11 here) 
4. Conclusion 

We observed 272 color-selected IRAS sources in the galactic disk area, 40° < / < 70° and 
|fe| < 10°, in the SiO J = 1-0, v = 1 and 2 transitions, and detected 134 in SiO masers; 127 were 
new detections in SiO masers. The main results of this research are as follows: 

1. A systematic difference in the detection rates between SiO and OH maser searches was 
found. In the ranges below Cu = —0.1, the SiO detection rate is higher than the OH 
detection rate. 

2. Possible concentrations of SiO sources in the / — V\^j. diagram and in the face-on view 
diagram might be attributed to the spiral arm (Sagittarius-Carina arm). The ob- 
served sources with SiO masers moderately concentrate into the tangential point of the 
Sagittarius-Carina arm in the spatial distribution. 

3. The velocity dispersion of SiO maser sources tends to decrease with an increase of tge 
galactocentric distance. 

4. The data in the present and previous SiO maser surveys give a local inclination of the 
rotation curve which is consistent with values obtained previously in observations of the 
other kind of disk population stars and a Hi gas component. 

The authors thank the staff of the Nobeyama radio observatory for their help during 
observations, and also thank Y. Ita and T. Soma for their help in the data reductions. The 
authors also thank an anonymous referee, who gave many useful comments and suggestions. 
This research has made use of the SIMBAD database operated by CDS and MSX database in 
IPAC. This paper is a part of the JN's thesis presented for the award of Ph. D. to the Graduate 
University for Advanced Studies. 
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Appendix 1. Individual Sources 

A. 1.1. IRAS I8413+I354 (V837 Her) 

An SiO maser from this source is extremely strong (12 K in the J= 1-0, v = l transition). 
This source is included in the catalog of nearby dusty AGB stars within 1 kpc (Jura, Kleinmann 
1989). This source is also very bright at 12 fim (225 Jy) with IRAS LRS (IRAS Low Resolution 
Spectrum) class of 29. OH and H2O masers have been detected (Slootmaker et al. 1985; 
Comoretto et al. 1990); ^^CO (1-0) was detected (Marguhs et al. 1990); CS (1-0) and NH3 (1, 
1) searches were negative (Anglada et al. 1996). 

A. 1.2. IRAS 18530+0817 (EIC 719) 

An IRAS LRS of this source exhibits an unusual spectrum (LRS class 04; 04 means 
strange band shape). It has strong silicate emission peaking near 9 fim (Olnon, Raimond 1986), 
which is either self-absorption at 10 fim or the silicate feature affected by the other molecular 
bands. SiO masers were detected in the present work. An OH search was negative (Lewis et 
al. 1990). This object has the strongest stellar photospheric H2O absorption, yet observed in 
the near-infrared (Walker et al. 1997). 

A. 1.3. IRAS 18581+1405 

The observed radial velocity, V^^^. = 124.4 km s~^, of this source is somewhat high for a 
disk population star (highest in figures 7 and 8). The main-line of OH maser (1665 MHz) was 
detected at Vjg^ = 114.4 km s~^ (Lewis 1997), which is consistent with the SiO radial velocity. 
A H2O maser search was negative (Engels, Lewis 1996). 

A. 1.4. IRAS 18585+0900 

The IRAS LRS class of this source is 41 (indicating a carbon star). However, this is 
due to absorption at the 10 fim silicate feature. In fact, SiO maser emission (only the J = 1-0, 
V = 2 transition) was detected in the present work. Double peaks of the OH maser (1612 MHz) 
gave an expansion velocity of 61 km s~^ (Eder et al. 1988), whereas the expansion velocity in 
the CO observation was 20 km s~^ (Loup et al. 1993). The H2O maser was negative (Engels, 
Lewis 1996). 

A. 1.5. IRAS 19192+0922 (AFGL 2374) 

Based of the radio observations of ^^CO (J = 1-0 and J = 2-1 transitions; Heske et 
al. 1990), the mass-loss rate of this source was estimated to be 9.0 x 10^^ Mq yr~^. The distance 
to this source, 1.13 kpc, was obtained by an OH phase lag measurement (van Langevelde et 
al. 1990). The distance (1.6 kpc) used in the present work is consistent with this value. An 
IRAS LRS class is 31. Meixner et al. (1999) selected this source as a proto-planetary nebula 
candidate. Because we detected SiO masers in this star, this source might still be in the AGB 
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phase. 

A. 1.6. IRAS 19229+1708 

The profile of SiO masers of this source is somewhat unusual, exhibiting a relatively 
wide line width and multiple peaks in the J = 1-0, v = 1 line, which is stronger than that of 
V = 2. A H2O maser has been detected (Engels, Lewis 1996). 

A. 1.7. IRAS 19371+2855 (NSV 12260) 

This star was classified as an S-type star, based on the presence of the (0,0) sub- 
bands of the optical region of LaO (Stephenson 1990), but reclassified by Lloyd Evans, Little- 
Marenin (1999) as a late M-type star. SiO maser detection in the present work and a strong 
silicate emission (Lloyd Evans, Little-Marenin 1999) are consistent with the non-S-type. The 
thermal lines of CO (1-0 and 2-1) were also detected at Vjg^ ^ 20 km s~^ (Groenewegen, de 
Jong 1998), which is consistent with V^^^ = 24.3 km s~^ in the present work. OH and H2O have 
been detected (Chengalur et al. 1993; Engels, Lewis 1996). 

A. 1.8. IRAS 19558+3333 

This is a suspected symbiotic star. Radio continuum emission from this source implies 
a hot, ionizing companion (Seaquist, Ivison 1994). A search for the 3.1 /im absorption feature, 
a characteristics of carbon stars, was negative (Groenewegen et al. 1994). SiO (present work) 
and OH (Le Squeren et al. 1992) maser searches were negative. 

A. 1.9. IRAS 20056+1834 (QY Sge) 

The optical counter part of this source is a GO supergiant with a visual magnitude of 
12.5, indicating a post-AGB star. The spectrum has very strong, broad Na D emission lines 
(Menzies, Whitelock 1988). An SiO maser search was negative in the present work. 
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Fig. 1. Distribution of observed sources in the galactic coordinates. The fihed and open circles indicate 
the SiO detection and non-detection, respectively. 
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Fig. 2a. Spectra of the SiO J = 1-0, v = 1 and 2 lines for 134 detected sources. 
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Fig. 2b. Continued. 



18 




Fig. 2c. Continued. 
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Fig. 2d. Continued. 
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Fig. 2e. Continued. 
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Fig. 2f. Continued. 
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Fig. 2g. Continued. 
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Fig. 2h. Continued. 
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Fig. 2i. Continued. 
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Fig. 2j. Continued. 
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Fig. 2k. Continued. 
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Fig. 21. Continued. 
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Fig. 2m. Continued. 
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Fig. 2n. Continued. 
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Fig. 2p. Continued. 
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Fig. 2q. Continued. 
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Fig. 3. Spectra of the SiO J = 1-0, v = 1 and 2 lines for MSX sources as counterparts of IRAS PSC with 
large position uncertainties. 
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Fig. 4. Histogram of tlie 12 fj,m flux density (bar graph) and detection rate as a function of the IRAS 12 
fim flux density (line graph). Error bars in the line graph mean 90% confidence intervals. 
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Fig. 5. Two color (C23~Ci2; left panel) and color-latitude (C23-fc; right panel) diagram for the observed 
sources. The dotted line indicates an evolutionary track of the 0-rich AGB star (van der Veen, Habing 
1988). 
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Fig. 6. Histogram of the color index, C12 (bar graph), and detection rate as a function of the C12 for SiO 
maser search (sohd line) and OH maser searches (dotted line). Shaded portions in columns indicate the 
number of detections of SiO and OH mascrs. Error bars in line graphs mean 90% confidence intervals. 
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Fig. 7. Observed radial velocity versus the luminosity distance. The solid and dotted curves are 
the radial velocities expected at I = 40° and 70°, respectively, from the Galactic rotation curve 
Vj-ot = 220kms-ii?(8.5 + i?a)/[8.5(i? + i?a)]{l + l.l/[l + 3(i?-i?a)^]}, where R is the distance from the 
Galactic center in kpc and i?a is an adjustable parameter (assumed to be 0.3 kpc) that creates a peak of 
the rotation curve near i?a. 
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Fig. 8. Longitude-velocity diagram of the SiO detected sources overlaid on the CO v-l map, integrated 
in the range between b = ±3?25 (taken from Dame et al. 1987). The region surrounded by the dotted 
ellipse indicates a source vacant area (see text). 
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Fig. 9. Cumulative probability plot of the V^^^ distribution of the present sample. The cumulative prob- 
ability is shown for three groups (sec text). 




Fig. 10. Positions of the observed sources projected onto the galactic plane, overlaid on the spiral model 
of the Galaxy (Taylor, Cordcs 1993). The positions of the Sun and the Galactic center are at the origin 
and {X,Y) = (0,-8.5), respectively. 
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Fig. 11. Rotation curve of SiO maser sources. The solid line indicates the running mean of the data. 
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Table 1. List of detections. 



IRAS name 


Isr 




1-0 
Ta 


u = 1 

s 


r.m.s. 


Vie. 

Isr 


J 


1-0 
Ta 


w = 2 

s 


r.m.s. 


Obs. date 
fvvmnidd d) 


(km s~^) 






(K km s"^) 


(K) 


(km s"^) 




(K) 


(K km s"^) 


(K) 


18413+1354 


-12.9 


13 


.364 


47.770 


0.084 


-17.9 


5, 


.335 


31.542 


0.099 


000529.2 


18423+1616 


35.9 


0, 


.595 


2.216 


0.052 


40.8 


0, 


.495 


1.368 


0.071 


000417.4 


18432+1343 


37.1 


0, 


,712 


2.323 


0.058 


37.2 


0, 


.878 


2.116 


0.080 


000415.3 


18456+1351 


-17.3 


0, 


.730 


1.428 


0.054 


-17.7 


0, 


.516 


0.895 


0.064 


000523.0 


18498+1014 


81.5 


0, 


,149 


0.395 


0.029 


80.8 


0, 


.185 


0.524 


0.034 


000524.1 


18506+0912 


47.8 


0, 


,225 


0.250 


0.043 


48.1 


0, 


.334 


0.541 


0.052 


000418.3 


18511+1141 


45.0 


0, 


,101 


0.361 


0.027 


44.8 


0, 


.180 


0.028 


0.033 


000524.2 


18528+1543 


-18.3 


1 


,293 


6.896 


0.122 


-16.6 


0, 


.835 


4.528 


0.157 


000415.4 


18530+0817 


-2.1 


1 


,382 


6.700 


0.095 


-2.6 


1, 


.851 


7.040 


0.105 


000418.3 


18531+1829 


55.2 


0, 


,229 


0.670 


0.039 










0.044 


000525.0 


18535+0726 


49.0 


0, 


,757 


2.839 


0.081 


48.9 


1, 


.080 


3.930 


0.100 


000419.3 


18545+1040 


52.1 


1 


,155 


5.043 


0.090 


51.7 


1, 


.775 


7.484 


0.105 


000418.3 


18547+1254 


32.7 


0, 


,943 


1.902 


0.066 


33.2 


0, 


.760 


1.982 


0.087 


000419.3 


18549+0905 


19.4 


1 


,701 


7.022 


0.081 


22.3 


1, 


.087 


4.366 


0.126 


000417.3 


18556+0811 


37.4 


0, 


,970 


2.808 


0.067 


36.7 


0, 


.688 


2.145 


0.098 


000417.3 


18556+1409 


88.4 


0, 


,328 


0.835 


0.032 


87.1 


0, 


.217 


0.924 


0.050 


000417.3 


18563+0816 


13.8 


0, 


,121 


0.296 


0.040 


12.7 


0, 


.199 


0.554 


0.048 


000419.3 


18567+1046 


0.5 


0, 


,995 


3.493 


0.088 


0.1 


0, 


.917 


2.394 


0.106 


000418.3 


18581+1405 


125.9 


0, 


,297 


0.934 


0.053 


122.5 


0, 


.431 


1.082 


0.067 


000421.3 


18585+0900 










0.061 


78.4 


0, 


.526 


2.066 


0.067 


000426.4 


18590+2025 


70.4 


0, 


,183 


0.822 


0.027 


69.8 


0, 


.188 


0.866 


0.033 


000525.2 


18592+1455 


0.5 


1 


,003 


3.771 


0.051 


0.3 


1, 


.373 


4.315 


0.086 


010110.6 


19008+0907 


11.4 


0, 


,414 


1.083 


0.062 


11.5 


0, 


.534 


1.033 


0.074 


000419.4 


19010+1307 


58.6 


0, 


,675 


2.919 


0.065 


61.1 


0, 


.616 


2.735 


0.076 


000418.3 


19023+0745 


31.3 


0, 


,441 


1.814 


0.058 


34.8 


0, 


.740 


2.740 


0.072 


000421.3 


19024+1923 


27.7 


0, 


,816 


2.073 


0.105 


27.0 


1, 


.384 


4.090 


0.118 


000419.4 


19029+2305 


-23.4 


0, 


,363 


1.152 


0.042 


-21.3 


0, 


.282 


0.888 


0.053 


000421.4 


19029+0933 


58.6 


0, 


,664 


2.271 


0.095 


61.3 


0, 


.794 


3.732 


0.104 


000426.4 


19032+1715 


-17.9 


1 


,363 


5.624 


0.139 


-16.9 


1, 


.003 


2.911 


0.182 


000415.4 


19039+1634 


59.1 


0, 


,170 


0.489 


0.036 


59.7 


0, 


.198 


0.366 


0.044 


000422.3 


19041+0952 


62.4 


0, 


,396 


1.798 


0.061 


68.4 


0, 


.463 


2.399 


0.070 


000419.3 


19043+1009 


46.9 


0, 


,636 


2.510 


0.077 


46.4 


1, 


.072 


4.237 


0.095 


000418.3 


19044+0833 


32.4 


0, 


,287 


0.797 


0.047 


32.4 


0, 


.205 


0.336 


0.058 


000418.4 


19047+1539 


96.5 


1, 


,012 


4.072 


0.049 


96.7 


1, 


.026 


3.070 


0.071 


010212.3 


19052+0922 


44.7 


2, 


,077 


6.356 


0.066 


43.7 


1, 


.803 


5.908 


0.077 


000423.3 


19065+1444 


5.1 


0, 


,156 


0.438 


0.029 


5.3 


0, 


.144 


0.521 


0.032 


000527.2 


19068+1127 


9.3 


0, 


,491 


2.123 


0.089 


9.1 


0, 


.570 


1.883 


0.093 


000423.3 


19071+0625 


91.4 


0, 


,311 


0.507 


0.078 


91.0 


0, 


.391 


0.924 


0.090 


000423.3 


19079+1143 


39.6 


0, 


,284 


1.252 


0.057 


37.6 


0, 


.403 


1.356 


0.063 


000427.3 



41 



Table 1. (Continued) 
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1. / Z / 
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U.oOu 


u.yoo 


U.UDZ 
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n 
U. 


.040 


9 9m 
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U.U ( 


r\r\r\KOA A 

UUU0Z4.4 


iyooz-i~zioo 




U.OOO 
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1 .loO 


U.U4D 


01. u 


n 

U. 


.OlZ 


i.iyo 


u.uoo 


UUUOoU.o 


iyootj-hioZo 


9/1 Q 


1 n79 
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9 7/1 
Z. ( 40 


U.UDo 


9/1 7 
— Z4. / 


n 

u. 


.D4o 


9 9fiR 
Z.ZDD 


U.Uo4 


UUUOoU.o 


ZUUUO-|-iDoO 


(-o.iJ) 


[U.lOO ) 




n n/is 


7 7 


u. 


9^1 
.ZOl 


U.4 / 


U.UDU 


UUUOoU.o 


onm n_i_Qni i 
ZUUiU-t-oUii 


91 9 

zi.z 


i .OZO 


77Q 


U. iUU 


91 n 
zi.u 


1 

1, 


.oy 1 


7 77/1 
( . M 4 


n 1 /1 9 

U.14Z 


UUU4i ^ .0 


ZUUz4+i { Z { 


— U.D 


1 n7/i 


Z.OOO 


n 1 /I c 


— o.o 


1, 


DzD 


o.uyy 


n 1 70. 


nnn/1 on ^ 

UUU4ZU.0 


9nnQ'^_L979(^ 

zuuyo-h^ / 


1 9 
iz.o 


n /i'?n 

U.4oU 


U.oo4 


U.UDo 


19/1 
1Z.4 


n 
U. 


.DoD 


l.oDD 


u.uyo 


nnn/1 17'^ 
UUU4i / .0 






967 




050 




n 


.321 


928 


yj .yJOO 


v7v7vJO ^ Z( . T: 


20156+2130 


21.2 


1.094 


5.741 


0.066 


21.5 


0, 


.729 


3.590 


0.087 


010215.3 


20171+2732 


48.0 


0.710 


1.814 


0.090 


48.1 


0, 


.616 


1.497 


0.098 


000424.5 


20181+2234 


40.8 


0.739 


1.844 


0.078 


40.4 


1, 


.368 


2.607 


0.091 


010215.4 


20246+2813 


18.1 


1.211 


4.178 


0.145 


18.2 


1, 


.214 


5.260 


0.172 


000419.5 


20280+2631 


14.0 


0.637 


1.069 


0.116 


15.0 


0, 


.699 


1.499 


0.127 


000419.5 



Note. The numbers in parentheses are tentative detections. 
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Table 2. List of non-detections 



IRAS name r.m.s. 


(J =1—0, V =1) r.m.s. 


(J =1-0, V =2) 


Obs. date 
fvvmmdd.d) 




(K) 


(K) 


18392+1328 


0.074 


0.052 


000415.3 


18425+1727 


0.057 


0.041 


000415.3 


18462+1208 


0.069 


0.045 


000417.3 


18490+1158 


0.044 


0.030 


000417.3 


18501+1019 


0.091 


0.069 


000415.4 


18512+2029 


0.091 


0.069 


000415.4 


18520+1014 


0.067 


0.050 


000417.3 


18526+0945 


0.060 


0.053 


000418.3 


18554+1333 


0.050 


0.055 


000525.2 


18563+2319 


0.060 


0.062 


000526.0 


18568+1814 


0.056 


0.049 


000426.3 


18578+0951 


0.062 


0.053 


000418.3 


18588+1400 


0.074 


0.065 


000419.4 


19005+0843 


0.072 


0.057 


000419.3 


19007+1652 


0.050 


0.053 


000527.0 


19012+1128 


0.065 


0.052 


000418.3 


19025+0702 


0.075 


0.062 


000421.3 


19026+1300 


0.041 


0.037 


000426.3 


19029+0808 


0.074 


0.050 


010212.3 


19035+1010 


0.068 


0.057 


000418.3 


19039+1733 


0.047 


0.046 


000527.2 


19041+1734 


0.062 


0.054 


000422.4 


19061+1041 


0.057 


0.048 


000425.3 


19099+1145 


0.048 


0.043 


000427.3 


19102+1356 


0.063 


0.063 


000527.2 


19106+1708 


0.060 


0.061 


000527.2 


19112+1439 


0.086 


0.060 


000529.2 


19114+0920 


0.075 


0.066 


000424.4 


19114+0743 


0.060 


0.050 


000425.3 


19131+1551 


0.068 


0.054 


000428.3 


19135+0931 


0.062 


0.057 


000420.3 


19136+2055 


0.080 


0.084 


000421.4 


19140+0652 


0.062 


0.053 


000424.4 


19140+1313 


0.048 


0.052 


000530.1 


19148+1138 


0.080 


0.064 


000419.4 


19159+1744 


0.075 


0.059 


000428.3 


19201+1040 


0.048 


0.051 


000530.2 


19202+2009 


0.070 


0.050 


000417.4 


19206+2121 


0.068 


0.051 


000417.4 


19211+1606 


0.071 


0.049 


010212.4 
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Table 2. (Continued) 



IXX-fikJ llcLllit; 1 .lll.O. 


( / 1 II r> ) 1 1 T" TYl C 

yj 1 U, U Lj i.lli.O. 


( T — 1 -fl -71 — 9^ 






\^) 




1 ooo7_i_i 7nn 


n 070 
U.U ( u 


U.U4D 


01 091 9 A 
UiUziZ.4 


1 noQfi_i_onnQ 
iyzoo-f-zUUo 


o 07c; 
U.U ( 


U.UDO 


000/19/1 /I 
UUU4z4.4 


1 Q9'^fl_L9/in/1 


n 000 
u.uyy 


U.U / y 


000/191 /I 
UUU4Zi .4 


1 QO'^ft-Ll 1 l^Q 

lyzoo-hiioy 


n Oi^o 


U.UOl 


000/19'^ A 
UUU4Z0.4 


1 QO/i/i loni 1=. 
iyz^t'i-i-zuio 


n 077 
U.U ( ( 


U.UOo 


000/1 17/1 
UUU4i / .4 


1 Q9/lfl-Ll 7*^^ 
iyz4D-hl ( oO 


n 01^1 


U.UO / 


000'^9Q 9 
UUUoZy .Z 


1 091^ '^J-l 11/1 


n 0/1*? 

U.U4o 


U.UoO 


0001^90 9 

uuuozy .z 


1 09^;q_i_i qi n 


U.UoD 


U.UDO 


01 0907 f\ 
UiUZU / .0 


iyzD / -+-Uo40 


n 07/1 

U.U ( 4 


u.uou 


01 091 9 A 
UiUZiz.4 


1 Q9^^7_Ll '^^A 
lyzD ( -|-io04 


n op^o 
u.uou 


U.U04 


OOOf^'^0 9 
UUUooU.Z 


1 Q9AS-L-1 00/1 

i y z o "T" 1 y u 4 


070 
U.U ( u 


n n/is 

U.U4o 


01 091 9 A 
UiUZiZ.4 


1 Q97/1 _Ll S*^ 1=. 
lyz ( 4-hlooO 


070 
U.U ( u 


n n/t7 

U.U4 / 


01 091 9 A 
UiUZ iZ.4 


1 Q97f^J_n7'^Q 

lyz ( D-hu ( oy 


n 08/1 

U.Uo4 


u.uDy 


OOOfiOR 
UUUDUD.y 


1 Q97f^_L91 P^Q 
lyz i D-|-zlOo 


n 0A8 

U.UOo 


n n/is 


01 091 9 A 
UiUZ iZ .4 


1 09Q9_i_99P^Q 
iyzozH-zzoo 


U.UoO 


U.UDi 


OOOf^OQ 1 
UUUDUo.l 


1 098*^-1-971^ 
lyzoo-t-z ( Oo 


0A1 
U.UDi 


U.UOO 


noo'^97 *? 

UUUDz / .o 


1 09^1^-1-1 sns 


081 
U.Uoi 


U.UDO 


000/19^^ /I 
UUU4Z0.4 


1 090f^J_9997 

iyzyo-rzzz * 


n 070 

U.U ( u 




01 091 9 ^ 
UiUZiZ.O 


1 0*^0/1 _l9P^90 

iyoU4-hzozy 


n 07*? 

U.U ( o 


U.UDZ 


000/1 9"? /I 
UUU4Z0.4 


1 0*^1 p^-Li sin7 


n 071 

U.U ( 1 


n n/is 

U.U4o 


01 091 9 
UiUZiZ.O 


1 oQ9n_i_9ni ^ 

iyozU-hzUlo 


n 077 
U.U ( ( 


u.U4y 


01 091 9 
UiUZiZ.O 


1 OQ9^_i_1 79P; 

lyozo-hi ( zo 


n OA7 

U.UO ( 


U.UDo 


000/1 97 A 
UUU4Z / .4 


1 0*^9 -1-9 '^/l A 

iyozo-t-zo4:0 


n 077 
U.U ( ( 


n n/is 

U.U4o 


01 091 9 1^ 
UiUZiZ.O 


1 0'^90_l9^^/1 1 

iyozy-|-zo4:i 


n 1 p^9 

U.lOz 


U. iZi 


000/190 /I 
UUU4ZU.4 


1 0*^*^8-1-1 ^^99 
lyooo-t-lDzz 


n Oi^o 
u.uou 


U.Uo / 


01 0*^1 Q A 
UiUoiy .4 


1 o'^'^o_L9/in8 
iyooy-hz4Uo 


n ofi/1 

U.U04 


U.U04 


000/19/1 /I 
UUU4Z4.4 


1 0*^/1 9-l9'^'^1 
iyo4Z~hZool 


n 0A1 

U.UDl 


n n/iQ 


01 0*^1 Q ^ 

UiUoiy .0 


1 OQ/1 Q-LHOI 9 

iyo4o-t-uyiz 


n 078 
U.U i o 


U.UOO 


01 091 9 f\ 
UiUZiz.D 


1 0*^/1/1 091 

iyo44-t-iyzi 


n 0A9 
u.uoz 


U.UDo 


OOOi^'^l 1 
UUUooi .i 


iyo4o-i-zioo 


0A8 
U.UDo 


n n/i/i 


01 091 "? *? 
UiUzio.o 


1 0^^/10-1-9/1^8 

iyo4y-t-z4oo 


070 
U.U ( u 


U.UD / 


000/19(^ A 
UUU4ZD.4 


1 OQi^l -Li 099 

iyoo i^riyzz 


n o'^9 
u.uoz 


U.UOO 


noO'^9/1 *? 
UUUoz4.o 


1 0*^ i^9j_9nnn 
iyooz-i-zuuu 


U.UOo 


U.UDU 


000f^9/l *? 
UUUoZ4.o 


1 OQ 1^1^-1-90/10 

iyr>oo-i-zy4y 


n OAO 
u.uoy 


u.uoy 


000/I9(^ /I 
UUU4ZD.4 


1 OQAH-LQ/I a 9 
iyoOU-|-o44z 


n 001 
u.uyi 


U.U 1 4 


000/1 10 /1 
UUU4iy .4 




vj . woo 






19382+2753 


0.083 


0.078 


000419.4 


19394+2959 


0.098 


0.069 


000529.3 


19396+1637 


0.066 


0.043 


010213.3 


19403+1141 


0.050 


0.041 


010215.4 


19410+2800 


0.061 


0.059 


000525.3 
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Table 2. (Continued) 



IXX-fikJ llcLllit; 1 .lll.O. 


( / - — 1 II Q ) 1 1 T" m c 

yj — 1 U, U — LJ i.lli.o. 












1 0/i 1 1 _i_0/i nn 


U.UOo 


n r\AA 

U.U44 


01 091 Q Q 
UiUzio.o 


1 O/l 1 0_i_0^^1 o 

iy4iz-i-zoiy 


U.UOi 


u.uoo 


ooop;qo 9 
UUUOoU.z 


1 Q/1 1 /I _L*^nn/i 


U.UOo 


n nfii 

U.UDl 


000^^9"^ 
UUUOzO.o 


1 Q/1 1 i^_L9Si'^9 


n 071 

U.U ( 1 


U.UDD 


noo'^9'^ A 

UUUOzO.4 


1 Q/1 1 c; 1 ooi /I 


U.UOI 


n n/i 

U.U40 


noo'^97 

UUUOz / .0 




u.uyo 


U.U / / 


000/191 /I 
UUU4Zi .4 


1 Q/1 1 7_u9Q'^n 


U.U4 ( 


U.U4Z 


0001^97 
UUUOz / .0 


1 Q/1 0Q_i_1 AP^Q 


u.U4y 


U.UDo 


OOOi^QO 9 
UUUOoU.z 


1 Q/1 07_i_07/1 1 
iy4z ( -(-z ( 41 


n nQ9 

U.Uoz 


U.U / 4 


OOOP;97 A 
UUUOz / .4 


1 Q/197_L'^n'^/1 
iy4z i -|-oUo4 


U.UOo 


n 079 
U.U / z 


000^^9^^ A 
UUUOzO.4 


iy4oo-huy oo 


u.uoy 


07S 
U.U / 


000/19S2 
UUU4ZO.O 


1 Q/1 '^Q-U*^'? P^7 

iy4oy-i~ooo ( 


U.UOZ 


n o/i/i 

U.U44 


000/19/1 /I 
UUU4Z4.4 




n nA9 

U.UOz 


n 0/10 

U.U4U 


01 091 /I 
UiUZio.4 


iy401-t-oU40 


U.U ( 


ORR 
U.UDD 


000/1 9fi /I 
UUU4ZD.4 


iy404-|-oo00 


n n7i 

U.U ( 1 


n o7t^ 
U.U 1 


0001^9'^ A 
UUUOZO.4 


iy4o ( i-uooz 


U.Uoi 


OfiR 
U.UDD 


000/19SJ 
UUU4ZO.O 


1 Q/ll^f^-Ll 79A 
iy4DD-|-l ( ZD 


U.Uo4 


of;9 

U.UDZ 


000/1 17/1 
UUU4i / .4 


1 Q/1 70-4-9^0'^ 
iy4 / U-t-zDUo 


n 0/11 

U.U41 


0^/1 
U.U04 


01 091 /I 
UiUZi4.o 


1 Q/1 Si^-L'^9'^ 
iy4oO-|-ozoO 


n 1 07 

U.IU ( 


OSS 
U.Uoo 


000/191 /I 
UUU4Z1 .4 


1 Q/1 71 Q 

iy4oo-i-i ( ly 


U.Uoo 


OR"? 
U.UDo 


n00'^9Q 

uuuozy.o 


1 Q/iQp;_i_9fli=;/i 
iy4yo-t-zoo4 


n o^^9 

U.UOz 


n or;9 

U.UOZ 


000P;9fl Q 
UUUOzD.o 


1 Q^nn_i_99Q0 
lyouu-hzzoy 


n OAO 
u.uou 


0f^9 
U.Uoz 


000'^9(^ Q 
UUUOzD.o 


1 Qi^n7-L'^n'^Q 
lyou ( -houoy 


n 0/1 ft 

U.U4o 


0/10 
U.U4U 


000/1 9S2 A 
UUU4Z0.4 


iyouo-i-zui4 


U.UOo 


ORS 
U.UDo 


n00'^9Q 

uuuozy.o 


1 Qi^nQ-i-9Q'^n 
iyouy-i-zyou 


n 07S 

U.U ( 


of;7 

U.UO / 


000/1 171^ 

UUU4i / .0 


1 Qi^l n_ui Q1 7 


U.UOo 


ORR 
U.UDD 


0001^90 

uuuozy.o 


1 Qi^9n_L979Q 

lyozu-hz ( zy 


U.UOO 


0/19 
U.U4z 


01 091 ^ 
UIUZIO.O 


1 Qf;9/1 _i_90i^7 

iyoz4-+-zyo ( 


n 0Q1 

U.Uol 


07/1 
U.U i 4 


000/197 A 
UUU4Z / .4 


lyozD-hzOUU 


U.UOO 


0/IR 
U.U4D 


000/198 /I 
UUU4Z0.4 


1 Qi^'^'^-i-9'^'^n 
lyooo-t-zoou 


U.UOo 


nKR 

U.UOo 


noo'^9/1 

UUU0Z4.O 


1 Qi^'^/I _Ll 71^7 


n o^^i 

U.UOl 


ORQ 

u.uDy 


0001^9/1 
UUU0Z4.O 


1 Q^'?/1_l_9Sn9 
iyDo4-|-ZoUZ 


U.UOO 


ORO 
U.UDU 


noo'^9fi 

UUUOZD.O 


1 qc;qc; 1 91 c.7 


n o'^Q 
u.uoy 


U.Uol 


OOOf^'^0 9 
UUUOoU.z 


1 QP;Q7_i_9QP^n 


n o7p^ 

U.U ( 


OR/I 
U.UD4 


000'^9(^ /I 
UUU0ZD.4 


iy00z-hol4z 


n 1 01 


OSc; 
U.UoO 


000/191 1=; 
UUU4Zi .0 






097 


000491 


19563+1725 


0.071 


0.078 


000531.3 


19573+3143 


0.127 


0.102 


000415.4 


19577+2430 


0.137 


0.163 


000531.3 


19579+2926 


0.078 


0.067 


000526.4 


19584+2652 


0.055 


0.042 


010215.3 
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Table 2. (Continued) 



IXX-fikJ llcLllit; 1 .lll.O. 


I / 1 1 1 T ) "1 1 T TYl C 

yj — 1 u, V — IJ l.lli.O. 


— 1 u, u — 






[t\) 




1 O^Q7_i_00P^7 

iyoo ( -j-zzD ( 


u.uy i 


U.UD4 


UUU4i / .0 


1 np;cQ_i_oi^/i 1 
iyooo-|-zo4i 


U.UoU 


U.UoD 


UUU4Zo.4 


1 Qi^QI _Ll SI 7 

lyoyi-hioi ( 


n 077 
U.U M 


U.UOo 


ni 091 A A 
UiUZi4.4 


iyoy^t-f-zoiz 


U.UOo 


U.UOo 


UUUOoU.o 


zuuu4-i-zyoo 


n PIS'? 


n n7Q 
u.u / y 


uuu4iy .0 


zuuuo-+-zyoi 


u.uoy 


n ns/i 

U.Uo4 


UUU4ZD.0 


onni /I _L9S'^n 

ZUUi4-|-ZooU 


U.U ( 4 


U.UDU 


UUU4ZO.0 


zuuio-hoUiy 


U.Uoi 


U.UDo 


000/190 A 
UUU4ZU.4 


ZUU40-|-Zyo4 


U.UoO 


u.uy ( 


000/19Q ^ 
UUU4ZO.0 


zuuoo-hzyoo 


U.Uoo 


078 
U.U / o 


000/190 A 
UUU4ZU.4 




n 059 


057 


yJyJyJOKjyJ .k) 


20084+2750 


0.081 


0.069 


000526.4 


20117+1634 


0.055 


0.044 


010215.3 


20127+2430 


0.051 


0.039 


010214.4 


20180+3015 


0.061 


0.062 


000524.4 


20287+2719 


0.088 


0.080 


000427.5 
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Table 3. MSX counterparts of IRAS sources with large separations. 



TR A SI namp 

J.± V,ii.D ilcLiliC 


piras 

^ 12 


piras 

^25 


MSX n?imp 

lVXkJ-/\- ilCLiliC 


T^msx 

^ 12 


Tpmsx 

^21 


^ PTi fi v fi 1" 1 (~in 

OtjUCll <AihL\JLL. 




Jv 


Jv 




Jv 


Jv 


(arcsec) 


19102+1356 


5.78 


5.71 


MSX5C_G047.7990+01.7814 


7.501 


4.900 


37 


19140+1313 


14.27 


13.25 


MSX5C_G047.6006+00.6186 


27.033 


21.611 


38 


19276+0736 


6.36 


4.03 


MSX5C_G044.2837-04.9539 


7.250 


5.599 


29 


19348+2136 


50.25 


33.37 


MSX5C_G057.3350+00.3155 


49.489 


37.488 


25 


19509+2930 


13.92 


13.84 


MSX5C_G065.9956+01.1562 


26.909 


29.816 


34 
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Table 4. Results of Confirmation at MSX positions 







7^—1-0 


V— 1 






7—1-0 


v=2 






TT? A ^ n ?i m o 


T/i 

Hsr 




ij 


i .iii.O. 


Hsr 






r.m.s. 






(km s""'^) 


fK) 


(K km s"^) 


fK) 


(km s""*^) 


fK) 


(K km s~i) 


(K) 


fvvmindd d i 


19102+1356 


52.1 


0.580 


1.403 


0.063 


52.6 


0.521 


0.994 


0.082 


010319.3 


19140+0652 


27.3 


0.366 


0.886 


0.041 


28.3 


0.287 


0.844 


0.052 


010319.3 


19276+0739 


94.9 


0.499 


3.040 


0.055 


93.2 


0.801 


2.391 


0.078 


010319.3 


19348+2136 


34.3 


0.134 


0.831 


0.026 


34.8 


0.123 


0.265 


0.035 


010319.4 


19509+2930 


-40.0 


2.194 


5.043 


0.132 


-39.5 


2.765 


5.141 


0.165 


010523.0 
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Table 5. IRAS Data. 



TP A Q namn 

irvAo nd-nio 


n 




( ) 


F12 

(Jy) 


C12 


C23 


(kpc) (km %-^) 






1 QQOO_Ll QOfi 

looyZH-iozo 


4:6. 


.90 


Q 

0, 


.Zo 



0, 


.9do 


— U, 


AO 

.Oo 


— 




.oz 


A 1 
4.1 










^ Q.A^ Qci/i 


A A 

44. 


.00 


Q 

0, 


no 
.uz 


00 c 

zz5, 


1 AA 
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-0, 


.50 


2.3 




91 




19240+3615 


69, 


,12 


9 


.39 


97, 


.390 


-0, 


,08 


-0, 


.86 


1.2 


38.0 






19244+1809 


53, 


,13 


0, 


.78 


25, 


.890 


-0, 


,12 


-0, 


.83 


2.2 


44.4 






19244+2015 


54, 


,96 


1 


.78 


10, 


.240 


0, 


,04 


-0, 


.55 


5.1 








19246+1736 


52, 


,67 


0, 


.47 


16, 


.840 


0, 


,04 


-0, 


.60 


4.0 




A 

ir 




19252+2201 


56, 


,61 


2, 


.47 


65, 


.210 


-0, 


,14 


-0, 


.82 


1.3 


-19.6 


91 

^2i 




19253+1114 


47, 


,16 


-2, 


.74 


3, 


.936 


0, 


,01 


-0, 


.81 


7.8 




y^ 




19259+0510 


41, 


,87 


-5, 


.76 


8, 


.931 


-0, 


,20 


-0, 


.85 


2.8 


12.1 


9'n 


y^ 


19263+1810 


53, 


,36 


0, 


.39 


17, 


.410 


-0, 


,12 


-0, 


.58 


2.6 








19264+1132 


47, 


,55 


-2, 


.83 


19, 


.040 


-0, 


,15 


-0, 


.83 


2.3 


-29.4 


A 




19265+3116 


64, 


,91 


6 


.60 


7, 


.326 


-0, 


,15 


-0, 


.74 


3.7 


35.5 


1 1 


y^ 


19267+0345 


40, 


,72 


-6, 


.60 


44, 


.730 


-0, 


,18 


-0, 


.90 


1.4 




91 

^2i 




19267+1354 


49, 


,66 


-1, 


.75 


3, 


.072 


-0, 


,17 


-0, 


.54 


5.3 




A 




19268+1904 


54, 


,21 


0, 


.71 


13 


.840 


-0, 


,13 


-0, 


.52 


2.9 








19270+2239 


57, 


,36 


2, 


.39 


41 


.260 


-0, 


,14 


-0, 


.91 


1.6 


8.8 


91 

^21 




19271+1354 


49, 


,72 


-1, 


.85 


29, 


.820 


-0, 


,18 


-0, 


.78 


1.7 


51.0 


A 

y^ 


y^ 


19274+1835 


53, 


,85 


0, 


.36 


34, 


.450 


-0, 


,11 


-0, 


.78 


1.9 




91 

^2i 


y20 


19276+1500 


50, 


,73 


-1, 


.41 


8, 


.732 


-0, 


,02 


-0, 


.73 


4.9 


43.1 




y^ 


19276+0739 


44, 


,28 


-4, 


.95 


6, 


.360 


-0, 


,20 


-0, 


.58 


3.4 








19276+2158 


56, 


,84 


1 


.94 


11 


.230 


-0, 


,11 


-0, 


.55 


3.4 




A 

IT 




19282+2253 


57, 


,70 


2, 


.28 


19, 


.340 


-0, 


,08 


-0, 


.67 


2.8 




A 




19283+1421 


50, 


,25 


-1, 


.88 


15, 


.200 


0, 


,00 


-0, 


.78 


3.9 


-5.0 


yl8 




19283+2753 


62, 


,11 


4, 


.65 


4, 


.028 


-0, 


,02 


-0, 


.73 


7.2 




91 




19285+1808 


53, 


,59 


-0, 


.10 


41 


.830 


-0, 


,15 


-0, 


.59 


1.5 








19288+2923 


63, 


,48 


5, 


.28 


40, 


.430 


0, 


,15 


-0, 


.62 


3.0 


-37.6 


y' 


y^ 


19290+1600 


51, 


,78 


-1, 


.26 


o 
<3, 


.339 


-0, 


,18 


-0, 


.54 


3.1 


55.8 


A 

y^ 




19291+0502 


42, 


,14 


-6, 


.53 


23 


.770 


-0, 


,20 


-0, 


.77 


1.7 


-4.59 


A 

y^ 


y^ 


19296+2227 


57, 


,48 


1 


.78 


31 


.730 


0, 


,12 


-0, 


.50 


3.3 




91 

^2i 


99 

y'' 


19303+1553 


51, 


,82 


-1, 


.56 


10, 


.540 


-0, 


,03 


-0, 


.83 


4.3 


8.72 




y8,3 


19304+2529 


60, 


,23 


3 


.09 


37, 


.090 


0, 


,13 


-0, 


.59 


3.1 




91 




19305+2410 


59, 


,08 


2, 


.43 


22, 


.120 


-0, 


,19 


-0, 


.79 


1.9 


22.6 


y^ 


y^ 


19307+1338 


49, 


,89 


-2, 


.73 


83, 


.070 


-0, 


,10 


-0, 


.87 


1.3 


43.5 


91 


9n 

y20 


19309+2022 


55, 


,81 


0, 


.50 


13 


.130 


-0, 


,18 


-0, 


.90 


2.5 


45.5 


A 




inoio 1 lion 
19312 + 1130 


48, 


,09 


— 6 


.87 


9, 


.948 


-0, 


,12 


-0, 


.77 


3.5 


DD.l 


y4,27,25 


,,8 

y 


19315+1807 


53, 


,91 


-0, 


.72 


16, 


.720 


-0, 


,08 


-0, 


.52 


3.0 








19320+2013 


55, 


,80 


0, 


.20 


14, 


.040 


-0, 


,04 


-0, 


.72 


3.7 




n4 




19323+2103 


56, 


,56 


0, 


.56 


10, 


.540 


-0, 


,10 


-0, 


.57 


3.6 


12.9 


n4 




19325+1725 


53, 


,42 


-1, 


.26 


13, 


.750 


0, 


,10 


-0, 


.59 


4.9 








19325+2346 


58, 


,96 


1, 


.83 


44, 


.050 


-0, 


,13 


-0, 


.63 


1.6 




^21 


y20 


19329+2641 


61, 


,55 


3 


.19 


55, 


.900 


-0, 


,19 


-0, 


.89 


1.2 
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Table 5. (Continued) 



IRAS name 




/ 

( ) 




b 
( ) 


Fl2 

(Jy) 


Cl2 


C23 


Dl 
(kpc) (km 


\ 
s 


OH 


H2O 


19333+1918 


55 


15 


-0 


51 


24 


590 


-0 


07 


-0 


64 


2.6 


-21.9 


4 1 7 


y" 


19338+1522 


51 


78 


-2 


56 


8 


718 


-0 


17 


-0 


92 


3.2 








19339+2408 


59 


43 


1 


74 


5 


242 


-0 


06 


~0 


75 


5.7 




91 




19342+2331 


58 


93 


1 


37 


7 


350 


-0 


19 


-1 


05 


3.2 




A 




19343+0912 


46 


44 


-5 


67 


10 


200 


-0 


10 


-0 


78 


3.6 




97 

y'^ 




19344+1921 


55 


32 


-0 


71 


10 


350 


-0 


17 


-0 


60 


2.9 








19344+2114 


56 


96 





21 


7 


179 


-0 


01 


-0 


64 


5.5 


44.3 






19347+2755 


62 


81 


3 


44 


8 


859 





09 


-0 


77 


6.0 


27.9 


y^ 




19348+2136 


57 


33 





32 


50 


250 


-0 


18 


-0 


78 


1.3 




91 




19349+2438 


59 


98 


1 


79 


5 


158 


-0 


16 


-0 


78 


4.3 




91 




19349+1657 


53 


29 


-2 


01 


10 


570 


-0 


06 


-0 


90 


4.0 


12.5 






19351+1922 


55 


41 


-0 


85 


14 


950 


-0 


09 


"0 


68 


3.1 








19352+1914 


55 


31 


-0 


94 


11 


750 


-0 


03 


-0 


69 


4.1 


-12.7 


y^ 


y^ 


19352+2000 


55 


98 


-0 


57 


12 


650 


-0 


13 


-0 


68 


3.0 








19355+2949 


64 


57 


4 


20 


5 


264 


-0 


19 


-0 


66 


3.8 




91 




19360+3442 


68 


91 


6 


50 


7 


043 





18 


-0 


65 


7.4 




y^ 




19361+1805 


54 


42 


-1 


68 


3 


237 


-0 


05 


-0 


53 


7.4 


23.8 


A 




19366+2147 


57 


69 





04 


14 


120 


-0 


18 


-0 


55 


2.4 




A 

IT 




19371+2855 


63 


95 


3 


48 


50 


390 


-0 


11 


-0 


81 


1.6 


24.3 


A 

y 


y® 


19374+0550 


43 


85 


-7 


95 


155 


200 


-0 


13 


-0 


87 


0.9 


-17.2 


91 


y31 


19382+2753 


63 


17 


2 


75 


10 


220 


-0 


17 


-0 


62 


2.9 








19382+3400 


68 


51 


5 


76 


7 


517 


-0 


08 


-0 


86 


4.5 


4.6 


91 

y'' 




19386+1513 


52 


22 


-3 


63 


38 


160 


-0 


06 


-0 


87 


2.1 


1.24 


y^ 


S 1 

y8,l 


19387+1527 


52 


44 


-3 


54 


6 


479 





08 


-0 


73 


6.9 


59.8 


p. 

y^ 


y"* 


19393+2447 


60 


61 





99 


12 


940 


-0 


10 


-0 


66 


3.2 


18.4 


A 11 9 
, 1 1 , Z 




19394+2959 


65 


14 


3 


56 


6 


008 





05 


-0 


61 


6.8 




91 




19395+1827 


55 


13 


-2 


20 


8 


346 


-0 


09 


-0 


64 


4.1 


-0.5 


9Q 




19395+1949 


56 


32 


-1 


52 


9 


834 


-0 


07 


-0 


67 


4.0 


43.0 


91 

y'' 




19396+1637 


53 


57 


-3 


15 


119 


100 


-0 


16 


-0 


94 


0.9 




91 94 




19399+2258 


59 


10 


-0 


02 


16 


980 


-0 


08 


-0 


57 


3.0 


-0.3 






19403+1141 


49 


34 


-5 


73 


8 


903 


-0 


12 


-1 


00 


3.7 




91 




19405+2938 


64 


94 


3 


18 


3 


195 


-0 


17 


-0 


61 


5.2 


10.7 






19410+2700 


62 


72 


1 


77 


3 


571 


-0 


08 


-0 


64 


6.5 


-59.8 






19410+2800 


63 


59 


2 


27 


5 


082 


-0 


20 


-0 


59 


3.8 








19411+2400 


60 


13 





25 


15 


440 


-0 


17 


-0 


53 


2.4 




/111 




19412+2619 


62 


15 


1 


39 


6 


760 





10 


-0 


72 


7.0 








19413+2829 


64 


04 


2 


45 


4 


257 





05 


-0 


69 


8.1 


26.2 


91 

y^^ 




19414+2237 


58 


97 


-0 


50 


21 


210 


-0 


18 


-0 


89 


2.0 


49.8 


p. 

y^ 




19414+3004 


65 


43 


3 


23 


3 


134 


-0 


14 


-0 


61 


5.8 




A 
IT 




19415+2832 


64 


09 


2 


45 


3 


172 


-0 


14 


-0 


54 


5.8 




A 

IT 




19415+2814 


63 


84 


2 


30 


3 


753 


-0 


13 


-0 


59 


5.5 




91 




19417+3053 


66 


15 


3 


58 


25 


430 


-0 


11 


-0 


70 


2.2 








19417+2930 


64 


96 


2 


89 


3 


Oil 


-0 


13 


-0 


53 


6.1 








19422+3506 


69 


89 


5 


59 


202 


900 


-0 


07 


-0 


78 


0.9 


-50.4 


y'' 


y' 


19423+1653 


54 


12 


-3 


57 


11 


500 


-0 


19 


-0 


78 


2.6 








19425+3323 


68 


42 


4 


67 


30 


640 


-0 


19 


-0 


91 


1.6 


9.7 




y' 


19427+2741 


63 


49 


1 


79 


4 


146 


-0 


19 


-0 


68 


4.3 








19427+3034 


66 


00 


3 


24 


14 


060 


-0 


20 


-0 


77 


2.3 




n4 




19438+0933 


47 


91 


-7 


53 


19 


330 





00 


-0 


60 


3.4 








19439+3357 


69 


05 


4 


72 


8 


829 


-0 


19 


-0 


89 


2.9 









2,3.28,10 ,,12 
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Table 5. (Continued) 



IRAS name 




/ 

( ) 




b 
( ) 


Fv2 

(Jy) 


C\2 


(^23 


Dl 
(kpc) (km 


s 1) 


OH 


H2O 


19448+2653 


63 


04 





98 


8.794 





04 


-0.59 


5.5 


1.4 






19450+1556 


53 


62 


-4 


61 


21.190 


-0 


17 


-0.75 


2.0 




A 




19451+3045 


66 


42 


2 


88 


11.880 


-0 


15 


-0.62 


2.9 








19454+2536 


62 


00 





21 


16.480 


-0 


12 


-0.65 


2.7 


49.1 


A 

T 


y® 


19454+3356 


69 


19 


4 


44 


3.251 


-0 


16 


-0.62 


5.4 








19457+0832 


47 


24 


-8 


45 


16.180 





06 


-0.68 


4.2 








19459+1716 


54 


88 


-4 


11 


5.755 





06 


-0.68 


7.1 


-2.0 


y^ 




19459+2815 


64 


35 


1 


46 


4.299 


-0 


13 


-0.63 


5.1 


-59.5 


91 




19462+2232 


59 


46 


-1 


51 


18.870 


-0 


06 


-0.75 


3.0 


12.3 


11 17 6 


y8,3 


19466+1726 


55 


11 


-4 


18 


3.926 


-0 


18 


-0.81 


4.6 




91 




19470+2603 


62 


58 





13 


10.930 


-0 


19 


-0.57 


2.7 








19471+2944 


65 


77 


1 


99 


8.046 


-0 


03 


-0.77 


5.0 


-43.7 


91 

y'' 


Q 

y^ 


19484+1923 


57 


00 


-3 


55 


7.062 


-0 


15 


-0.91 


3.7 


82.8 






19485+3235 


68 


37 


3 


20 


29.960 


-0 


15 


-0.73 


1.8 




A 




19488+1719 


55 


27 


-4 


70 


4.200 





05 


-0.70 


8.2 




P. 




19493+2905 


65 


44 


1 


25 


22.340 





19 


-0.76 


4.2 


-21.8 


17 6 27 


R 1 


19495+2854 


65 


31 


1 


13 


3.066 


-0 


08 


-0.74 


7.0 




91 

j^2i 




19495+0835 


47 


75 


-9 


24 


80.020 


-0 


09 


-0.75 


1.3 


44.4 


y^ 


y8,3 


19499+2141 


59 


17 


-2 


68 


10.390 


-0 


02 


-0.71 


4.5 


3.3 


11 17 6 


y8,3 


19500+2239 


60 


01 


-2 


20 


6.476 





00 


-0.75 


5.9 








19507+3039 


66 


95 


1 


80 


3.095 





02 


-0.54 


9.0 




91 




19508+2014 


58 


03 


-3 


60 


5.141 





09 


-0.84 


7.9 








19508+2659 


63 


83 


-0 


12 


28.120 





02 


-0.71 


3.0 


5.4 


1 7 

y" 


y^ 


19509+2930 


65 


99 


1 


16 


13.920 





00 


-0.70 


4.1 








19510+1917 


57 


24 


-4 


14 


3.851 





01 


-0.55 


7.9 




A 




19519+2527 


62 


63 


-1 


13 


13.220 


-0 


09 


-0.60 


3.3 


-14.5 


1 1 

y" 


y20 


19520+2729 


64 


38 


-0 


10 


17.970 





18 


-0.64 


4.6 




y^ 


9 

y' 


19522+1935 


57 


65 


-4 


22 


29.300 


-0 


05 


-0.74 


2.5 


68.2 


p. 

T 


y8,3 


19524+2957 


66 


54 


1 


11 


15.030 


-0 


12 


-0.77 


2.8 








19526+2600 


63 


19 


-0 


98 


4.248 





08 


-0.51 


8.5 




91 




19527+2231 


60 


22 


-2 


80 


3.075 


-0 


09 


-0.73 


6.8 


39.3 


p. 




19533+2530 


62 


84 


-1 


37 


7.376 





01 


-0.54 


5.7 




91 




19534+1757 


56 


38 


-5 


30 


5.293 





10 


-0.54 


7.9 








19534+2802 


65 


02 


-0 


06 


8.530 





14 


-0.59 


6.5 




p 

y' 




19535+2157 


59 


83 


-3 


25 


3.323 


-0 


17 


-0.75 


5.1 




A 

y^ 


y"* 


19537+2850 


65 


74 





30 


15.240 


-0 


07 


-0.69 


3.2 




A 




19542+3120 


67 


92 


1 


51 


3.748 


-0 


13 


-0.64 


5.5 


-3.1 


91 

j^2i 




19552+3142 


68 


34 


1 


52 


35.030 


-0 


20 


-0.67 


1.4 




A 




19552+2138 


59 


77 


-3 


75 


7.158 


-0 


16 


-0.80 


3.6 


49.8 


91 




19558+3333 


69 


98 


2 


38 


42.940 





03 


-0.57 


2.5 




1 7 




19563+1725 


56 


29 


-6 


16 


6.415 


-0 


15 


-0.71 


3.9 




91 




19573+3143 


68 


59 


1 


16 


19.100 


-0 


05 


-0.68 


3.1 




A 




19577+2430 


62 


51 


-2 


74 


7.445 


-0 


17 


-0.68 


3.4 








19579+2926 


66 


71 


-0 


16 


5.602 


-0 


18 


-0.79 


3.8 




A 

y^ 


y"* 


19583+1323 


53 


05 


-8 


67 


14.200 


-0 


19 


-0.87 


2.3 


-24.8 






19584+2652 


64 


60 


-1 


62 


14.270 


-0 


01 


-0.55 


3.9 




n+11,17 


^19 


19587+2257 


61 


32 


-3 


76 


3.234 


-0 


14 


-0.78 


5.7 








19588+2541 


63 


64 


-2 


32 


3.469 





04 


-0.53 


8.8 




y^ 


j^8 


19591+1817 


57 


38 


-6 


29 


40.260 


-0 


12 


-0.80 


1.7 








19594+2512 


63 


30 


-2 


69 


3.756 





05 


-0.74 


8.6 




n4 





SiO 



,12.15.14 
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Table 5. (Continued) 



IRAS name 




b 


Fl2 Ci2 


C23 Dl V^^ oh 
(kpc) (km ) 


H2O 


SiO 




n 


n 


(Jy) 







20004+2955 


67, 


,43 - 


-0, 


,36 


31, 


.720 


0, 


.07 


-0, 


,90 


3 


,1 












20005+2931 


67, 


,09 - 


-0, 


,60 


10, 


.730 


-0, 


.13 


-0, 


,77 


3 


.2 












20005+1635 


56, 


,10 - 


-7, 


,47 


5. 


,534 


-0, 


,12 


-0, 


,71 


4, 


.7 


-6, 


,4 
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